RNA interference (RNAi) is a powerful approach for elucidating gene functions in a variety of organisms, including phytopathogenic fungi. In such fungi, RNAi has been induced by expressing hairpin RNAs delivered through plasmids, sequences integrated in fungal or plant genomes, or by RNAi generated in planta by a plant virus infection. All these approaches have some drawbacks ranging from instability of hairpin constructs in fungal cells to difficulties in preparing and handling transgenic plants to silence homologous sequences in fungi grown on these plants. Here we show that RNAi can be expressed in the phytopathogenic fungus Colletotrichum acutatum (strain C71) by virus-induced gene silencing (VIGS) without a plant intermediate, but by using the direct infection of a recombinant virus vector based on the plant virus, tobacco mosaic virus (TMV). We provide evidence that a wild-type isolate of TMV is able to enter C71 cells grown in liquid medium, replicate, and persist therein. With a similar approach, a recombinant TMV vector carrying a gene for the ectopic expression of the green fluorescent protein (GFP) induced the stable silencing of the GFP in the C. acutatum transformant line 10 expressing GFP derived from C71. The TMV-based vector also enabled C. acutatum to transiently express exogenous GFP up to six subcultures and for at least 2 mo after infection, without the need to develop transformation technology. With these characteristics, we anticipate this approach will find wider application as a tool in functional genomics of filamentous fungi.
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transfection | plant pathogen adaptation | host species jump R NA interference (RNAi), RNA silencing, and gene quelling are conserved processes in animals (1), plants (2) , and filamentous fungi (3), where they operate through diverse pathways based on a set of core reactions (4, 5) . Briefly, these include the synthesis of a double-stranded RNA (dsRNA), which is recognized and diced into 21-to 25-long dsRNA fragments by conserved ribonucleases of the Dicer-like protein family. The small fragments denoted small interfering RNAs (siRNA) are then loaded onto members of the Argonaute protein family to form an RNA-induced silencing complex that uses one of the two strands of the siRNAs to direct RNA degradation, translational repression, or DNA methylation of homologous target genes (4, 5) . These processes, commonly referred to as RNAi, play a natural role in the regulation of endogenous gene expression, development, and maintenance of genome integrity and stability in reproductive cells, and in the protection against transposable elements and viral infections. Besides its biological role, RNAi was recognized rapidly as a powerful approach for elucidating gene functions in a variety of organisms, including phytopathogenic fungi (5, 6) . In these organisms, RNAi has been induced mainly with siRNAs derived from constructs expressing dsRNAs or hairpin RNAs (hpRNAs) delivered through plasmids or sequences integrated in fungal or plant genomes (7) . In the latter case, the technique is referred to as host-induced gene silencing (5) because it implies that siRNA molecules generated in transgenic plants expressing dsRNAs of fungal sequences traffic between the host and the infecting fungus. Conversely, virusinduced gene silencing (VIGS) exploits viruses to deliver sequence homologous to a target gene fragment and trigger RNAi (8) . It requires the engineering of a viral genome to include fragments of the target host gene or transgene to be silenced, the ability of the recombinant virus to establish a systemic infection in the host of interest, and the silencing of the target gene by a sequence homology-dependent mechanism. VIGS is initiated by DNA and RNA recombinant viral vectors as soon as their replication produces a dsRNA. This highly structured substrate is cleaved into siRNA by the enzymes of the RNAi pathway and the signal amplified and spread throughout by an RNA-dependent RNA polymerase coded by the host to down-regulate the expression of the target gene (8) . Thus, VIGS is a powerful reverse genetics tool originally developed for plants, but new protocols and viral vectors have expanded its utility also for functional genomics in fungi. For example, the barley stripe mosaic virus (BSMV)-VIGS system has been used successfully for RNAi of specific pathogenicity genes in Puccinia triticina by siRNA generated in planta through infection of the BSMV vector expressing dsRNAs from P. triticina genes (9) . Besides the complexity of some models that include transformation and handling of transgenic plants, the stability of these dsRNA transcripts also has been questioned in fungi (10) and in viral vectors (11) . When present on the same strand of viral nucleic acid, the engineered, self-complementary sequences can enhance the effectiveness of silencing but such inverted repeat structures are often unstable inside the viral genomes (11) . Hence, we examined whether the plant virus tobacco mosaic virus (TMV) could be used for both gene expression and
Significance
RNAi is used to elucidate gene functions also in phytopathogenic fungi, where it is expressed by hairpin RNAs delivered through plasmids, sequences integrated in fungal or plant genomes, or by RNAi generated in planta by a plant virus infection. These approaches have drawbacks ranging from instability of hairpin constructs to difficulties in preparing and handling transgenic plants to silence homologous sequences in fungi grown on these plants. Here we show that RNAi can be expressed in phytopathogenic fungi by direct transfection with a plant virus-based vector and that the approach also can be used to obtain foreign protein expression in fungi. This technique could find wider application for functional genomics in filamentous fungi of biomedical and phytopathological interest. VIGS (8) by a direct infection in phytopathogenic fungi. It was known that TMV could enter and persist in the mycelia of the soil-inhabiting phytopathogenic fungus Pythium sp. (now placed among oomycetes) (12) , although no direct evidence for viral replication was provided. Similarly, Pythium arrehnomanes could be transfected with TMV and tobacco necrosis virus (13) . Since then, the matter did not receive further attention, as the interest for viruses of fungi focused on true mycoviruses (14, 15) . In this framework, a very recent study reported the infection of intact mycelium of Sclerotinia sclerotiorum by the geminivirus-like DNA mycovirus S. sclerotiorum hypovirulence-associated DNA virus 1, as a more efficient and easier to handle approach for fungal transfection (16) .
Here we show that RNAi can be expressed in the phytopathogenic fungus Colletotrichum acutatum by VIGS using a recombinant vector based on TMV. We first provided evidence that a wild-type isolate of TMV was able to enter replicate and persist in cells of C. acutatum, strain C71 (C71). Subsequently, we used a recombinant TMV vector, in which the ORF of the gene encoding the green fluorescent protein (GFP) was transcribed in C71 cells from a duplicate of the TMV coat protein (CP) subgenomic mRNA promoter and demonstrated that the approach could be used to obtain foreign protein expression in fungi. Finally we used the TMV-GFP construct to abolish transcription and endogenous expression of GFP in the C. acutatum transformant line 10 expressing GFP (CATEF10) transformant line of C71.
Results

TMV Enters and Replicates in Cells of
Colletotrichum spp. A purified TMV suspension was added to a liquid culture of C71 and mycelia were collected and examined at 5, 10, and 20 d after incubation. Observations with a transmission electron microscope (TEM) on dips of mycelia of C71 treated with sodium hypochlorite to eliminate virus particles adhering to hyphae externally showed that TMV particles were present in mycelia already after 5 d of incubation and persisted therein at least for the subsequent 15 d (Fig. 1 A and B) . Ultrathin sections of mycelia collected at 5, 10, and 20 d of incubation with TMV showed aggregates of TMV-like rods (Fig. 1A) and membrane vesiculation inside the C71 cells (Fig. 1B) . These virus-like particles and vesicles were not seen in the hyphae not exposed to TMV (Fig. 1C ), but were seen consistently in approximately 73% of an average of the 2,000 hyphae collected and observed at each sampling time. The presence of TMV particles in the C71 cells was confirmed by in situ immunogold labeling (IGL), as abundant IGL signals were seen scattered in the cytoplasm at 5, 10, and 20 d of incubation with TMV (Fig. 1D ), but not in control cultures (Fig. 1E) . IGL did not indicate any preferential localization for TMV particles in the cytoplasm or cellular organelles, because of the poorly resolved cellular ultrastructure due to the IGL treatment. Nevertheless, these results demonstrated that TMV particles entered the C71 hyphae and/or germinating conidia, probably through wounds caused by either shaking or at structures or loci where conidia germinate and initiate hyphal development, colonized the mycelia, and followed their growth up to 20 d of incubation. To estimate the percent of germinating conidia entered by virus particles, C71 mycelia were sampled at 24 h after the addition of a purified virus suspension to the culture in liquid medium. Twenty mycelia samples were collected randomly, transferred individually onto a solid substrate, and allowed to grow further for 1 wk. Hybridization signals with a TMV-specific probe were obtained consistently from the total RNA extracts prepared from each of the 20 cultures (Fig.  S1D ). Because it was expected that after a 24-h incubation in liquid medium no new conidia would be produced in the culture, we estimate that soon after addition to the liquid medium TMV entered 100% of either germinating conidia or wounded hyphae.
Quantitative estimates of total RNA extracted from groups of 15 samples of the C71 mycelia, each group being collected at 5, 10, and 20 d postinoculation (dpi) and determined by dot-blot hybridization with a TMV-specific probe, showed a sixfold increase of TMV RNA accumulation from 5 to 20 dpi, indicating viral replication in C71 cells (Fig. S1E) . A similar pattern was obtained also from total RNA preparations after hybridization with a plus-sense DIG-labeled RNA probe, which detected the replication-specific, negative-sense strand of the viral RNA ( Fig.  2A) . A Northern blot analysis at 5 dpi with TMV provided further evidence for viral replication in C71 cells by the detection of the CP subgenomic RNA (Fig. 2B) . However, the overall accumulation of TMV RNA in C71 was much lower than in plants of Nicotiana benthamiana at 5 dpi with TMV (Fig. 2B) . Using the same approach, the analysis was extended to Colletotrichum clavatum, isolate number 398854 from International Mycological Institute (IMI), and Colletotrichum theobromicola, isolate F27, and in these cases, TMV also entered, persisted, and replicated in the mycelia of both species (Fig. S1F) .
TMV Does Not Alter Pathogenicity, Morphology, or Growth Rate of C71. Mycelia samples taken at 5, 10, and 20 dpi with TMV, treated with sodium hypochlorite, crushed in phosphate buffer and rub inoculated onto Samsun nn tobacco plants induced chlorosis in inoculated leaves by 5 dpi and systemic infection with appearance of typical TMV-induced disease symptoms consisting of mosaic and leaf blade deformation within 2 wk after inoculation (Fig. S2A) . The presence of TMV RNA in both locally and systemically infected leaves of tobacco was verified by dot-blot hybridization (Fig. S2D) . Plants rub inoculated with a mixture obtained by crushing mycelia of C71 not exposed to coincubation with TMV remained free of symptoms. The virus was purified from mycelia of C71 collected at 8 dpi with TMV and washed extensively with distilled water before purification obtaining about 25 μg of partially purified virus suspension from 1 g of mycelia; i.e., a 15-fold increase compared with the inoculum applied to the medium. TMV particles purified from C71 mycelia (Fig. 1F) were morphologically undistinguishable from those routinely obtained from plant infection (Fig. 1G ) and were infectious to Nicotiana occidentalis and N. benthamiana plants inducing severe local and systemic symptoms ( Fig. S2 B and C) . These results demonstrate that TMV particles retained their original morphology and the ability to infect tobacco plants after entering and replicating in the cells of C71 mycelia. Moreover, TMV RNA was detected also in conidia harvested from TMV-infected C71 subcultured on plates at weekly intervals for 2 mo (Fig. S1G) . Thus, it appears that TMV persisted in intact conidia of C71, through which it could be transmitted to other C71 generations during subculture.
For pathogenicity tests, we inoculated flowers of N. benthamiana and wounded apple fruits of cv Golden Delicious with suspensions of conidia of C71 wild type or C71 transfected with TMV. Both the original wild-type and TMV-containing C71 cultures were pathogenic on N. benthamiana flowers and apple fruit producing typical rot symptoms (Fig. S3 A and B) . In these cases, the lesion diameter induced by the two cultures at 12 dpi was very similar (Fig. S3C) , suggesting that the presence of TMV in C71 neither enhanced nor decreased the fungal pathogenicity in apple fruit. Neither the morphology of C71 mycelia (Fig. S3D) nor the growth rate of C71 cultures on four different media (Fig. S3E) was altered noticeably by TMV infection. The involvement of endopolygalacturonase (PG) in pathogenicity has been demonstrated for several fungi, including C. acutatum (17, 18) . However, TMV infection of C71 wild-type mycelia had no significant effect on PG activity at 20 dpi (Fig. S3F) .
Enhanced GFP Expresses Constitutively in Transformed C71. We transformed the isolate C71 with a new binary plasmid vector to express constitutively the enhanced GFP (eGFP) in Colletotrichum acutatum (pCATefGFP). This plasmid contained a construct in which the expression of the eGFP was regulated by a constitutive translation elongation factor (TEF) promoter from Aureobasidium pullulans, and the glucoamylase terminator from Aspergillus awamori. A hygromycin B (HygB) resistance gene was used as a selectable marker. An average of 150 C71 transformants per 10 5 conidia/mL were obtained for the pCATefGFP construct and one of the transformants, denoted CATEF10, was selected for this study. The expression of eGFP was confirmed by epifluorescence microscopy analysis (Fig. 3 A and B) , whereas the results of sequencing and restriction endonuclease doubledigestion analysis revealed the integration of the complete TEFefGFP cassette in the CATEF10 genome, as a single insertion (Fig. S4A) . The mitotic stability of the integrated transgene was confirmed by more than 20 subcultures in liquid and solid media without HygB, and storage at −80°C in water containing 25% (vol/vol) glycerol. Pathogenicity tests conducted on apple fruits did not show significant differences between the CATEF10 line and the C71 wild-type isolate (Fig. S3C) , although the morphology of the respective mycelia was clearly different (Fig. S3D) . The transgenic expression of eGFP in the CATEF10 isolate induced also a ∼1.5-fold reduction in both the growth rate and the PG activity, if compared with C71 wild-type isolate (Fig. S3 E and F) . When viewed under TEM, cells expressing GFP either transgenically or ectopically showed electron dense protein aggregates (Fig. S5 B and D) , which were not seen in C71 cells with or without TMV infection (Fig. 1 ) or in cells of CATEF10 with a silenced eGFP phenotype (Fig. S5E) .
The TMV-GFP Vector Down-Regulates eGFP Expression in CATEF10.
The inoculum for examining foreign gene expression and VIGS in the mycelia was a recombinant, gene expression/VIGS vector, denoted TMV-GFP, which had been established in N. occidentalis plants inoculated with RNA transcripts synthesized from the biologically active plasmid pBSG1057-5. Sap from systemically infected leaves of N. occidentalis emitting green fluorescence (Fig.  S4C ) was added to the liquid medium during CATEF10 growth. The C71 wild-type isolate challenged with the same sap was used as a control. Mycelia samples collected at 5, 10, and 20 dpi from CATEF10 cultures challenged with the TMV-GFP vector and observed under an epifluorescence microscope showed drastically reduced green fluorescence in hyphae and conidia, starting from 5 dpi and up to 20 dpi (Fig. 3 C and D) . This result occurred in all three samples collected at each sampling time, in contrast to CATEF10 cultures challenged with sap from healthy N. occidentalis, which remained green fluorescent ( Fig. 3 E and F) . To avoid any interference by siRNAs and dsRNAs resulting from virus infection in N. occidentalis and retained in plant sap used as inoculum, we also challenged CATEF10 cultures with a preparation of particles of TMV-GFP (Fig. S5A ) purified from N. occidentalis plants showing bright fluorescence (Fig. S4C) . Results from inoculation with a purified preparation of TMV-GFP were similar to those obtained with infected sap (Fig. S6 C and E) .
To demonstrate a relationship between the reduction of green fluorescence in CATEF10 cultures challenged with TMV-GFP and RNAi, we analyzed samples of CATEF10 mycelia collected at 5 and 10 dpi with TMV-GFP. The abundance of eGFP transcripts in nonsilenced and silenced CATEF10 lines was estimated by quantitative PCR (qPCR) of reverse-transcribed RNA preparations extracted from samples of mycelia collected from the CATEF10 line at 5 and 10 dpi with TMV-GFP. The results revealed an almost complete down-regulation in the eGFP gene expression (Fig. 4A) . As expected, the expression of the GFP from the TMV-GFP vector also was highly reduced if compared with the abundance of transcripts observed in the C71 isolate at 5 and 10 dpi with TMV-GFP (Fig. 4A) . Effective silencing of the GFP expressed from the TMV-GFP vector was shown using a primer pair specific for this sequence. Results shown in Fig. 4B demonstrated that the expression of ectopic GFP in CATEF10 was reduced almost completely, similar to transgenic eGFP (Fig.  4A) . Additional evidence for RNAi was given by total RNA preparations hybridized with hydrolyzed DIG-labeled probes, specific for the transgenic eGFP and for the CP gene of the TMV-GFP vector, which showed the presence of siRNAs of approximately 21 nt specific for the eGFP gene and CP gene of TMV-GFP (Fig. 4 C and D) . These siRNAs were not seen in the CATEF10 line without TMV-GFP infection, providing indirect evidence that ingress, replication, and expression of TMV-GFP took place in cells of CATEF10 and triggered a systemic RNAi signal that followed fungal growth. Interestingly, as in plants, a siRNA population was produced also against the CP gene of the TMV-GFP vector (Fig. 4D) .
GFP Expression and Silencing Persists in Plated Cultures and in Plant
Tissues. To test the stability of the CATEF10 silenced phenotype 13 monoconidial cultures of CATEF10 with a silenced eGFP were collected at 20 dpi from liquid medium and transferred at weekly intervals on solid substrate for a further 45 d. Fluorescence was monitored at each passage, showing no reversed silencing effects for the six subcultures (Fig. 3 G and H) . Only at the seventh passage did 2 of the 13 monoconidial CATEF10 cultures again show the fluorescence signal. To assess whether the TMV-GFP vector was still present and viable in eGFPsilenced CATEF10 cells, total RNA was extracted from the sixth subculture sample and subjected to hybridization with a DNA probe specific for the CP gene of TMV-GFP. Fig. S4B shows a very weak signal of hybridization, which parallels data from qPCR (Fig. 4B) ; however, when mycelia from this sixth subculture of silenced CATEF10 were crushed in sodium phosphate buffer and rubbed onto leaves of N. benthamiana, N. occidentalis, and tobacco, the plants remained free of symptoms and TMV RNA was not detected in either inoculated or newly emerging leaves up to 21 dpi. Collectively, these results demonstrated that RNAi activated in cells of CATEF10 line targeted also TMV-GFP. Nonetheless, the eGFP knockdown in the CATEF10 transformants still carried the eGFP gene insertion, because an amplicon of the expected size was obtained using the primer pair designed to amplify a 748-bp fragment from the eGFP sequence.
Despite the eGFP silencing, the overall morphology and mycelial growth of both CATEF10 and the silenced CATEF10 were very similar, while retaining the original difference from the C71 and C71 + TMV-GFP isolates (Fig. S3D) . A pathogenicity test on wounded apple fruit (Fig. S3C ) and olive seedlings (Fig. S7 A  and B) did not show significant differences between the eGFPsilenced and -nonsilenced CATEF10 lines. The green fluorescence (or lack thereof) from the transgenic fungi could not be detected in either infected apple fruit or olive seedlings due to fluorescence emitted from the necrotized infected tissues. However, isolation of the fungus from such fruit or leaves of olive seedlings 3 wk postinoculation and propagation on agar plates showed that the eGFP in CATEF10 was still silenced (Fig. 3 O and P and Fig. S7E ), indicating that silencing of the transgene was maintained also in living tissues.
Green fluorescent conidia and hyphae also were seen scattered in preparations of the wild-type C71 isolate challenged with the TMV-GFP vector (Fig. 3 I and J and Fig. S6 A and B) , but not in C71 cultures challenged with wild-type TMV (Fig. 3 K and  L) . Expression of ectopic GFP in C71 cultures also was demonstrated by qPCR with a primer pair specific for this GFP sequence (Fig. 4B) . The TMV-GFP-derived green fluorescence was maintained in C71 in 10 monoconidial cultures collected at 20 dpi from liquid medium, passaged on solid substrate six times at weekly intervals, and monitored at each passage (Fig. 3 M and N) . At the seventh passage, 8 of the 10 isolates had lost the fluorescence signal.
Discussion
This study both provides unique information on the ability of a plant virus to infect and complete its replication cycle in a plant pathogenic fungus and exploits a unique VIGS protocol for filamentous fungi. Our results clearly show that TMV is able to enter and replicate in cells of C. acutatum, C. clavatum, and C. theobromicola, which may not be an exception, although it has neither been found nor probably searched for in nature. C71 hosting TMV replication retained overall morphology, growth rate on different solid substrates, and PG activity, which is considered one of the hallmarks for pathogenicity. These traits were apparently unaffected after several subcultures and storage up to 2 mo after inoculation. Thus, TMV did not reduce the fitness of this fungus to any noticeable extent. The most prominent alteration was at the cell ultrastructure level, where accumulation of rod-like virus particles was seen in the cytoplasm. More pronounced proliferation of the endoplasmic reticulum and dictyosomal vesicles also were observed (Fig. 1B and Fig.  S5F ) and by analogy with the cytopathology of plants infected by TMV (19) , they may represent the sites for virus replication. Despite the ultrastructural changes and accumulation of mature virions, the overall load of TMV RNA in C71 tissues seems relatively poor if compared with that of infected plants (Fig. 2B and Fig. S1E ). In plants TMV distributes uniformly during systemic infection, whereas we do not know whether and how TMV moves through C71 mycelia. Because growth of the mycelia occurs at the tips of the hyphae, we can speculate that TMV distributes from one cell to the other during cell division at the tips of hyphae. If this is the case, it would be expected that virus could be present prevalently in cells developed after virus entry, which could result in the relatively low estimates of viral RNA loads detected in this study.
The observations that we described here could be another documented case of host species jumps for plant viruses (20) without any apparent adverse effect for the virus fitness after exposure to a nonplant host. Replication of a few plant viruses has been documented in yeast (21) , but it is previously undocumented in filamentous fungi. We also showed that a chimeric plant virus could serve as a vector to abolish expression of a stably integrated and initially highly expressed transgene in fungal cells by the ectopic expression of sequences with homology to the transgene. The obvious advantage of VIGS over other RNAi approaches in plants is that from the site of infection the inoculum spreads systemically throughout the entire organism. The situation is clearly different for the model proposed in this study in which viral inoculum is added to a culture of conidia physically dispersed in the medium. However, following sap or purified virus inoculation of the liquid medium, TMV-GFP probably entered nearly 100% of CATEF10 cells as indirectly shown from the control C71 (Fig. S1D) , so that the whole culture exhibited a full eGFP silencing phenotype, which was maintained still after six subcultures. Interestingly, no infectivity of TMV-GFP was detected in plants back inoculated with crushed mycelia of such subcultures, providing direct evidence that the silencing signal was amplified, probably in each recipient cell, during fungal growth and targeted both the eGFP transcript and the TMV-GFP RNA. This, in turn, implies also that the suppressor of RNA silencing encoded by TMV would be ineffective in counteracting RNAi in fungal cells. The observation that 8 of 10 monoconidial isolates of C71 lost the fluorescence expressed by TMV-GFP between the sixth and the seventh subculture is consistent with this hypothesis. We also provided preliminary evidence that electron-dense aggregates accumulated in cells of C71 upon infection with TMV-GFP (Fig.  S5 B and C) and that similar accumulation was also detected in CATEF10 cells (Fig. S5D ), but not in those with an eGFP silenced phenotype (Fig. S5E) .
Compared with conventional gene knockout strategies in fungi, RNAi has several advantages and fewer drawbacks (22) . One major advantage is that RNAi can be induced transiently, overcoming the need of permanent deletion of specific genes, which may be lethal for the organism. In filamentous fungi, efficient gene silencing has been achieved by different approaches (7, 9, 10) compared with which the VIGS strategy used in this study is more direct and easier to perform, as it obviates the plant-mediated transferral of the silencing construct and is independent of the fungus asexual reproduction pathway.
Like animal and plant viruses, mycoviruses are also inducers, targets, and suppressors of RNAi involved in the antiviral defense response (23) . In the case of Cryphonectria parasitica, the RNAi-based response against hypovirus infection contributed to hypovirus RNA recombination. In this regard, viral genome instability represents an important obstacle to the use of chimeric mycoviruses as gene expression vectors and the discovery of a role for RNAi in promoting hypovirus RNA recombination potentially hampers the use of chimeric mycoviruses as vectors to induce silencing in fungi (24) . Also in this respect, our approach to use VIGS vectors based on plant viruses could be a more robust tool. However, here we can anticipate that its use will need some refined insights to be more widely adopted. For example, some fungi lack basic components of the RNAi silencing mechanism (10) and the ability of viral vectors so far developed for VIGS in plants to enter and replicate in fungal cells has to be investigated case by case. For example, in an earlier study, an attempt to establish infection by BSMV in Gaeumannomyces graminis, Aureobasidium bolleyi, and Pythium ultimum failed (25) . Finally, the approach described in this study would also enable fungi to transiently or chronically express other proteins without the need to develop transformation technology for those fungi. This has been shown by the TMV-GFP infection in the C71 wild-type isolate as the conidia emitted green fluorescence and still contained the TMV-GFP vector after six subcultures on agar plates. This paves the way for new opportunities in the study of both fungal physiology and interactions with their hosts, applied to human, animal, and plant mycology.
Materials and Methods
Detailed descriptions are provided in SI Materials and Methods.
Fungi and Virus Isolates. The C71 strain of C. acutatum and the isolates IMI 398854 of C. clavatum and F27 of C. theobromicola were grown on liquid medium and inoculated with TMV or TMV-GFP. Mycelia were collected at 5, 10, and 20 dpi with TMV or TMV-GFP and treated with sodium hypochlorite.
Transmission Electron Microscopy . Mycelia of C71 or CATEF10 collected at 5-, 10-, and 20-d incubations with or without TMV or TMV-GFP were used for thin sectioning. Immunogold labeling was performed with a polyclonal antiserum raised against TMV.
Construction of the Binary Vector and Transformation of C. acutatum C71. The plasmid vector pCATefGFP construct containing the eGFP sequence between the constitutive TEF promoter from A. pullulans and the glaA terminator from A. awamori was electroporated to competent cells of Agrobacterium tumefaciens AGL1 strain. For the transformation, AGL1 cell lines were mixed with conidia of C71 and spread onto a sterile nitrocellulose membrane placed on top of induction medium agar plates supplemented with hygromycin B for selection.
